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EXECUTIVE SUMMARY

The Treatment of Lead-exposed Children (TLC)-Clinical Trial is investigating the
potential benefits of the use of the oral chelating agent “succimer” for the treatment of
moderately lead poisoned children (PbB 20-44 Fg/dL) aged 12 to 32 months at the start of
treatment. The Trial has four Clinical Centers nationwide and is sponsored by the National
Institute of Environmental Health Sciences (NIEHS). The main outcome variable is the child’s
neurodevelopmental status 36 months and 84 months after the start of treatment (based on a
recent extension).  The primary TLC research question is whether or not treatment with succimer
offers any benefit in addition to that which might occur with reduction of lead exposure in the
home. By design, all houses of TLC Trial participants (treatment and placebo groups) received
at minimum a professional cleaning prior to the start of treatment so that children could be
treated on an outpatient basis and no child would be treated with uncontrolled lead exposure in
the home.

The Baltimore Clinical Center of the TLC Trial performed various interim control and repair
interventions in the homes of TLC children in addition to professional cleaning.  It was not the
objective of the TLC Trial to carry out or oversee comprehensive lead-based paint abatement
activities. However, in some cases, TLC houses in the Baltimore Clinical Center received more
intensive interventions using special forgivable state loan funds for lead-based paint abatement
reserved for the Trial by the Maryland Department of Housing and Community Development
(MDHCD). 

This report is based on wipe dust testing performed before, immediately after, and two years
after the implementation of various interventions in a subset of 62 homes of the 213 children
enrolled in the Baltimore Clinical Center.  Dust samples were collected from floors, window
sills, and window wells (troughs) in each house at each campaign and from walls in kitchens and
bedrooms two years after intervention. 

Longitudinal data analysis was performed using the dust lead loading data from four groups of
study houses, i.e., houses that received: (1) professional cleaning where professional cleaning
alone was recommended by the TLC housing assessors based on a visual inspection (Clean A);
(2) major repairs plus professional cleaning where major repairs were recommended by the TLC
housing assessors (Major Repair); (3) professional cleaning where major repairs were
recommended but were not done (Clean B); and (4) minor repairs plus professional cleaning
where major repairs were recommended but were not done (Minor Repair). The primary reason
that recommended repairs were not done in groups 3 and 4 was that some property owners chose
not to apply for MDHCD’s loan funds. These circumstances provided an opportunity to assess
the effectiveness of a range of interventions in structurally-sound houses recommended for major
repair and located in high risk urban neighborhoods. This study also assesses the effectiveness
of professional cleaning in houses in better condition where repairs were not recommended
(Clean A houses).
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The main findings are as follows:
C This  study supports the effectiveness of major repair interventions for two years after the

interventions were performed in houses deemed in need of major repairs (Figs. 1-3).
Immediately after intervention and at two years, geometric mean dust lead loadings, as
well as most individual sample readings, for floors and window sills in Major Repair
houses were reduced to levels below EPA’s proposed surface-specific dust lead standards
(Tables 8 and 14).  Geometric mean lead loadings on window wells were reduced from
29,356 Fg/ft  to 99Fg/ft  at post-intervention and 351 Fg/ft  at two years.  Major Repair2 2 2

houses comprised the only study group in which dust lead loadings at two years were
statistically significantly lower than pre-intervention levels.

C The study indicates the limited effectiveness of professional cleaning and minor repair
interventions in houses initially assessed in need of major repairs. These interventions
were associated with short-term reductions in lead loadings but higher rates of
reaccumulation of lead in dust two years after intervention compared to Major Repair
interventions (Figs. 1-3). Dust lead loadings on sills and wells two years after
intervention approached or exceeded pre-intervention levels. Geometric mean dust lead
loadings on floors and window sills in Clean B and Minor Repair houses were above
EPA’s proposed standards two years after intervention. Pronounced differences in window
sill and window well dust lead loadings between Major Repair houses and houses in
Clean B and Minor Repair groups during follow-up indicate the benefits of window
replacement for attaining long-term reductions in lead loadings (Figs. 1-3).

C In houses in better condition (Clean A group), professional cleaning interventions had a
persistent effect on the floors and window wells. In contrast, professional cleaning in
Clean B houses did not have a lasting cleaning effect on window wells. Clean A houses
had geometric mean dust lead loadings, as well as most individual sample readings, below
EPA’s proposed surface-specific dust lead standards immediately after intervention and
two years after intervention (Tables 8 and 10). 

C Wipe dust samples collected from kitchen and bedroom walls in all groups of houses
generally had low dust lead loadings (90th percentile=23 Fg/ft ) (Table 15).  In2 

children’s bedrooms, statistically significant correlations were found between wall lead
loadings and lead loadings on the floors and the window sills (Table 17).

C The housing assessors’ recommendations on the need for repairs based on their visual
inspections of TLC houses is supported by data on dust lead loadings prior to
intervention. Specifically, houses where major repairs were recommended had
significantly higher pre-intervention dust lead loadings across surface types than houses
where major repairs were not recommended based on the visual inspection. Geometric
mean pre-intervention dust lead loadings for floors and window sills in houses where
major repairs were recommended were above EPA’s proposed dust lead standards. On the
other hand, geometric mean pre-intervention dust lead loadings were below EPA’s
proposed dust lead standards in the houses where professional cleaning only was
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recommended (Tables 10-13).

1.0  INTRODUCTION

This report is based on dust lead loading data collected before, immediately after and 24-
months after the implementation of lead hazard control interventions in a subset of the homes of
children enrolled in the Baltimore Clinical Center of the Treatment of Lead-exposed Children
(TLC)-Clinical Trial.  This ongoing Trial has four Clinical Centers nationwide and is sponsored
by the National Institute of Environmental Health Sciences (NIEHS) (TLC Group,1998). 

The TLC Trial is a long-term investigation of the potential benefits of the use of the oral
chelating agent “succimer” for the treatment of moderately lead poisoned children (PbB 20-44
Fg/dL) aged 12 to 32 months at the start of treatment. The primary outcome variable in TLC
Trial is the child’s neurodevelopmental status 36 months and 84 months after the start of
treatment. The primary TLC Trial research question is whether or not treatment with succimer
offers any benefit in addition to that which might occur with reduction of lead exposure in the
home. Thus, by design all houses of TLC participants (both treatment and placebo groups)
received at minimum a professional cleaning prior to the start of treatment so that all children
could be and were treated on an outpatient basis and no child would be treated with uncontrolled
lead exposure in the home. 

The primary goal of the environmental component of the TLC Trial was to reduce the risk of
children’s exposure to lead-based paint in fair or poor condition and to lead-contaminated house
dust during the drug treatment phase (up to six months).  The secondary goal of the
environmental component was to reduce the risk of lead exposure during the original three-year
period of follow-up.  The interventions done in the homes of TLC children were intended to
supplement, but not replace, any environmental inspection and lead hazard remediation activities
required or encouraged by local public health agencies as part of case management. Prior to the
initiation of drug treatment, the TLC Trial called for, at minimum, a professional cleaning
intervention of the home that consisted of a sequenced combination of wet cleaning and HEPA
vacuuming of settled dust and loose chips of paint and possibly minor repairs (Appendix A).  It
was not the objective of the TLC Trial to carry out or oversee comprehensive lead-based paint
abatement activities. However, in some cases, houses in poor condition received more intensive
interventions using special state loan funds for lead-based paint abatement reserved for use in
the Baltimore Clinical Center of the TLC Trial by the Maryland Department of Housing and
Community Development.

The degree to which the TLC Trial’s professional cleaning intervention would attain HUD
clearance levels for dust lead loadings was not known at the outset due to a lack of research
documentation.  For this reason, dust lead measurements in the homes of TLC children were not
used to monitor contractor compliance unless the lead loadings were seen to increase following
cleanup activities. Furthermore, the Baltimore Clinical Center was not required to meet
Maryland’s interim post-abatement clearance levels when performing interim control



  Houses of the first 25 children were sampled and after that approximately every tenth house ofa

new enrollees was sampled until a total of fifty houses were sampled.  
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interventions but was required to meet them when performing more intensive repair interventions.
   

NIEHS provided funds for limited dust lead testing pre- and post-intervention in 50 houses of
the 213 children ultimately enrolled in the TLC Trial in Baltimore.   U.S. EPA (Region 3)a

provided additional funding to monitor dust lead loadings at pre- and immediately post-
intervention in the houses of all the other TLC children. EPA also provided funds to test for dust
lead loadings in a subset of 70 houses that became due for 6-12 months testing during the EPA
study period. 

The EPA-funded study showed that the primary environmental goal was attained in the Baltimore
TLC Clinical Center by the application of the various interim control and repair interventions,
despite some reaccumulation of lead in dust 6 to 12 months after intervention (Farfel, 1997a).
Immediately after intervention, the percentage of dust samples below HUD’s clearance levels
increased for each group of houses, and most dust samples in all four groups of study houses had
lead loadings below HUD’s surface-specific clearance levels for lead in house dust at that time
(i.e.,100 µg/ft  for floors, 500 µg/ft  for window sills and  800 µg/ft  for window wells) (HUD,2  2 2

1995). Data in that report were not compared to EPA’s proposed residential dust lead hazard
standards (i.e.,average levels of #50 µg/ft  for uncarpeted floors, average levels of #250 µg/ft2 2

for window sills) because the proposed standards had not yet been released  (EPA, 1998).

This report is based on dust wipe testing performed with HUD funding through November 1998
in a subset of 62 TLC houses at 24 months post-intervention. It also includes the corresponding
pre- and post-intervention data available for these same 62 houses from the above-mentioned
EPA  study.

Study Objectives

The objectives of this study were to:
C Compare dust lead loadings at 24 months post-intervention to previously collected data

at pre-intervention, immediately post-intervention and 6 to 12 months post-intervention
in  houses that received different interventions, i.e.,(1) professional cleaning where
professional cleaning was recommended; (2) major repairs plus professional cleaning
where major repairs were recommended; (3) professional cleaning where major repairs
were recommended but could not be done; (4) minor repairs plus professional cleaning
where major repairs were recommended but could not be done.

C Assess the degree to which dust lead loadings across groups and campaigns were within
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HUD’s clearance standards and EPA’s proposed residential dust lead standards.

C Assess the need for cleaning of wall surfaces based on the dust lead loading in a single
sample from a child’s bedroom wall and a kitchen wall in each house tested at 24 months.

C Characterize the nature of the relationship of dust lead loadings on vertical (wall)
surfaces to those found on horizontal surfaces in the same rooms and assess the effect of
room type and intervention type on dust lead loadings on vertical surfaces.

This study did not include analysis of clinical data from the TLC Trial.

2.0  STUDY DESIGN AND SAMPLE COLLECTION PROCEDURES 

The sections below provide a brief descriptions of the various groups of study houses, the
interventions and an overview of the environmental study design followed by a description of
procedures for recruitment, enrollment, and dust sample collection. 

2.1 Study Groups and Descriptions of the Interventions

TLC housing assessors conducted an initial visual inspection using TLC protocols for
assessing overall housing condition and for assessing paint condition, substrate condition and
cleanibility of the house components in each room (e.g., windows, floor). The TLC protocol for
assessing overall housing condition was similar to the Building Condition Form and the
Maintenance Data Form for Rental Dwellings in the HUD Guidelines (HUD, 1995a) and the
form used in the national evaluation of HUD’s lead-based paint abatement grant program
(National Center for Lead Safe Housing, 1998). TLC housing assessors recommended a level
of intervention based on the condition of the house and its painted surfaces, and prepared written
specifications for the various types of interventions described in a subsection below. Testing for
lead in paint was not done as part of the Trial.

In cases where the initial visual inspection revealed that the child’s residence was in poor
condition, the Baltimore Clinical Center staff attempted to relocate the family to housing in
better condition (identified through contacts with collaborating rental property owners and
nonprofit housing organizations) or to make repairs in collaboration with the property owner
using the state loan funds. Children living in houses in structurally unsound condition or in
houses where the inspectors believed that the intervention would not likely reduce exposure for
six months were not eligible for the Trial unless they could be relocated to housing in better
condition. Fortunately, many families were successfully relocated to housing in better condition
that required only a professional cleaning based on a visual inspection. Data are not available
on the ages of the houses in better condition. They were, however, generally in the same
neighborhoods and therefore were likely to be in the same age group as the other study houses.
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One intervention type, professional cleaning, was performed in two groups of houses.  The first
(Clean A) was a group of houses for which the TLC Housing Assessors deemed that professional
cleaning alone was required based on the good condition of the house and its painted surfaces.
The second (Clean B) was a group of visually inspected houses for which major repairs were
recommended but could not be done in a timely manner or could not be done at all due to a lack
of cooperation on the part of the property owner with loan application process. The other two
groups of houses received either minor repairs or major repairs in addition to a professional
cleaning (Table 1).  The houses that received minor repairs in addition to professional cleaning
were houses where high level remediation was also recommended but could not be done due to
a lack of property owner cooperation.  A small number of houses that received moderate repairs
costing on average $5,000 (n=3) were included in the major repair group (mean cost=$6,571)
for data analysis purposes.  

In some cases, houses received more than one intervention. Typically, the first intervention was
a professional cleaning so that the TLC Trial could proceed according to pre-established time
frames for enrollment and drug treatment.  The second intervention typically involved repairs
financed by the state loan program for lead-based paint abatement.  In fact, nearly all of the high
level (major) repair interventions were financed by the Maryland Department of Housing and
Community Development through a special loan program for low-income owner-occupants and
private property owners who rent their properties to low-income tenants.  The maximum
allowable loan amount was $7,500. In a few cases, the work was performed as part of the HUD-
sponsored Baltimore City Lead-Paint Abatement Program which had more resources to spend per
house.

Table 1:  Planned and Actual Numbers of Houses Sampled at 24 Months by Group

Intervention Group No. Houses No. Houses 
Planned Sampled 

(% of target)

PROFESSIONAL CLEAN A
(Professional cleaning of horizontal surfaces where
cleaning only was recommended based on a visual
inspection.) 

25 24
(96%)

PROFESSIONAL CLEAN B
(Professional cleaning of horizontal surfaces where
moderate to high level repair was recommended but
could not be done.)

25 12
(48%)

MINOR REPAIR
(Minor repairs followed by professional cleaning of
horizontal surfaces where moderate to high level
repair was recommended but could not be done.)

17  9
(53%)
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MAJOR REPAIR
(Repairs costing up to $7,500 followed by professional
cleaning of horizontal surfaces.)

20 17
(85%)

Total    87 62
(71%)

All work was performed by contractors and workers who had passed state-approved training
courses and had certification from the State of Maryland for lead hazard reduction and lead-based
paint abatement work. The housing assessors conducted post-intervention visual inspections and
provided households in each group with cleaning kits for their own cleaning efforts. The kits
included a bucket, sponge mop, a replacement sponge mop head, sponges, a trisodium phosphate
(TSP) cleaning agent, utility gloves, and an EPA brochure entitled “Lead Poisoning and Your
Children.” Resident cleaning behavior was not assessed and therefore the data analysis could not
take this into account. 

Brief Description of the Interventions

Professional Cleaning: According to the TLC Trial protocol (Appendix A), the houses of TLC
children were to receive at least a 3-step professional cleaning intervention prior to drug
treatment as follows: (1) vacuuming of horizontal surfaces and loose peeling paint using a
vacuum cleaner equipped with a HEPA filter followed by (2) a wet cleaning of horizontal
surfaces with TSP (or an alternative phosphate-free cleaner) followed by (3) a second HEPA
vacuuming of horizontal surfaces. Carpets were vacuumed using a HEPA vacuum equipped with
an electrical beater bar attachment.  Residents were encouraged to dispose of area rugs and vinyl
mini-blinds for lead dust control purposes and in many cases this was done.

Minor Repairs plus Professional Cleanup: The scope and nature of the minor repairs varied
across houses as determined by the housing assessors. Minor repairs included wet scraping and
repainting of surfaces such as doors and frames, windows and other friction points, baseboards,
spindles and railings and porch components (rails, posts and ceilings).  Some floors and stair
treads were enclosed with luan and some stair risers were covered with 1/4 inch plywood. The
professional cleaning was done according to the 3-step TLC protocol.

Major Repairs plus Professional Cleaning: To meet loan eligibility requirements, major repairs
were performed in houses that had no structural defects and no pre-existing conditions that could
impede or adversely affect the work and the safety of workers and field staff (e.g., roof leaks
or unsafe floors). This eliminated substandard housing in need of major renovation.  Major
repairs included  stabilization of exterior surfaces, floor treatments to make them smooth and
more easily cleanable, door treatments to reduce abrasion of lead-painted surfaces, window
replacement and encapsulation of painted exterior window trim with aluminum coverings as the
primary window treatment, encapsulation of painted exterior door trim with aluminum, and
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durable floor and stairway treatments (e.g., installation of vinyl tile). It was generally the case
that all windows were replaced in houses in this group.

Table 2 displays descriptive statistics on intervention costs for each of the four groups.  It is
important to note that these costs may not be generalizable to other settings and time periods due
to differences in labor and material costs and overhead rates. 

Table 2:  Treatment Costs By Group for Houses Sampled at 24-Months 
a

 Group No. Mean Min. Max. s.d.
Houses ($) ($) ($)

PROFESSIONAL CLEAN A  20 680 373 1,121 183
b c

PROFESSIONAL CLEAN B  12 618 296  897  200

MINOR REPAIR 9 1,063 631 1,898 366

MAJOR REPAIR d  16 6,571 792 10,022 2,296
c

a These data are based on costs incurred by the TLC Trial and/or the state lead-based paint abatement
loan program and in some cases do not include intervention costs incurred by the property owners.

b Cost data were available for 22 houses of 24 study houses in Clean A group.  Two outliers were
excluded from the descriptive statistics: $1,830 and $2,515. The latter was for work performed in
a 30-room house.

c Amount appears low because it does not include additional costs incurred by the property owner. 

d Includes three houses that received more moderate repairs costing approximately $5,000. In a few
cases, the work was performed as part of the HUD-sponsored Baltimore City Lead-Paint Abatement
Program which was able to perform work costing more than $7,500.  An outlier ($15,000) was
excluded from the descriptive statistics.
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2.2 Study Design

A total of 87 houses in four study groups were proposed for extended dust testing at 24-
months post-intervention (Table 1). Houses were selected from among TLC Trial houses that
became available for 24-month sampling between November 1, 1997 and December 1, 1998.
First priority was given to collecting 24-month data from houses with pre-, post-, and 6-12
month post-intervention data from the earlier EPA-funded study. Second priority was given to
houses with pre- and post-intervention data. Data collection was successfully performed in 62
(71%) of the 87 planned houses. Table 3 indicates the number of houses sampled at 24-months
for which pre-intervention, post-intervention and 6-12 month data are available from the earlier
EPA study. The relatively small number of houses sampled at 6-12 months precluded the use of
these data in the analysis. A total of eight individual dust wipe samples from horizontal surfaces
and one field blank sample were collected in each house at each campaign (Table 4). 

2.3 Recruitment and Enrollment

TLC houses due for 24-month post-intervention sampling during the study period were
selected for recruitment into the extended environmental monitoring study even if the original
family with a child in the TLC Trial no longer lived there. A total of 143 houses were
approached in an attempt to collect the 24-month data in 87 houses. Sixty-two houses were
enrolled and sampled and the other 81 houses were approached but not enrolled. The most
frequent reason for not enrolling a house was vacancy (n=48). Vacant houses at 24 months were
more likely to be Clean B and the Minor Repair houses than Major Repair or Clean A houses.
The second most frequent reason was our inability to make contact with the family after repeated
attempts (n=26).  A relatively small number (n=7) of families refused participation. Consent
for dust testing at 24 months was obtained from participants with forms approved by the Johns
Hopkins’ Joint Committee on Clinical Investigation.

2.4 Data Collection Procedures

Settled house dust was collected using the HUD wipe method (HUD, 1995).  Little Ones
Lightly Scented Baby Wipes were used initially for dust sampling during 1994-1995.  When this
type of wipe was no longer available in stores, the Bigger and Thicker Baby Wash A Bye Wipes
were used (1996-1998). The sampling plan included the collection of dust samples from various
household locations as indicated in Table 4.  Each individual floor sample was collected using
a one square foot (929 cm ) disposable template.  Floor samples were generally collected2

beneath a window.  If a selected floor location was carpeted or covered with an area rug, this
information was recorded on the sample collection form and the carpet or rug was sampled.
When settled dust was collected from window sills and window wells (troughs), the dimensions
of the sampled surface were recorded on the sample collection form.  Wall samples were
collected using a disposable template taped to the wall at a height within the reach of a young
child (3 to 4 feet from the floor) and at a location that was easily accessible to a child.  The
bedroom wall was sampled near the child’s bed and the kitchen wall was sampled near the stove
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or sink, if possible.
Table 3:  Dust Lead Data Available from Earlier Campaigns in Houses Sampled at 24 Months

Intervention group Pre- Post- 24-Months
Intervention Intervention (No. of

(No. of (No. of Houses) 
Houses) Houses) 

6-12
Monthsb

(No. of
Houses) 

PROFESSIONAL CLEAN A 20 23 16 24

PROFESSIONAL CLEAN B 12 12  3 12

MINOR REPAIRa
9  9 1  9

MAJOR REPAIR  8 17  6 17
c

  

Total  49  61 26 62

a This type of intervention was introduced later in the project and consequently few houses were
available for sampling at 6 to 12 months post-intervention in the earlier EPA-funded study.

b Excluded from the data analysis in this report due to small numbers of houses in most groups.

c This number is relatively small because some major repair interventions were performed as the
second intervention, and pre-intervention wipes were generally not collected for the second
intervention.
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Table 4:  House Sampling Plan for Individual Wipe Dust Samples   

Sample Location/Type No. Samples Included No. Samples Included
in Original EPA Study at 24 Months in the

per Campaign Extended Study

Perimeter Floor Dust:
- Kitchen 1 1
- Child’s bedroom 1 1
- Child’s play area  1 1

 a

Window Sill Dust:
- Child’s bedroom
- Child’s play area 
- Kitchen

1
1
 

b

1
1
 

 b

Window Well (Trough) Dust
- Child’s bedroom 1
- Child’s play area 1
- Kitchen  

b

1
1
 

b

Interior Entryway Dust 1 1

No. of  Horizontal Surfaces 8 8

Vertical Surfaces:
- Kitchen wall 0   1  
- Child’s bedroom wall 0 1

No. of  Vertical Surfaces 0 2

Field Blank  1 1

Total No. of  Samples 9 11 

 a The living room was sampled as another activity area if the child’s play area was the child’s
bedroom.  

 b The kitchen window sill and window well served as backup sampling sites if other locations were not
accessible. 
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3.0  LABORATORY ANALYSIS AND QUALITY CONTROL (QC) 

Except for a relatively small number of pre- and post-intervention samples sent to an
outside laboratory as per the TLC Trial protocol, all dust samples were analyzed at the Kennedy
Krieger Research Institute's Trace Metal Laboratory using a laboratory analytical procedure
(LAP) based on Method 3050 (EPA, 1986) modified for the thicker type of wipe used in this
study as described elsewhere (Orlova et.al., 1999).

The main differences between our LAP and the HUD procedure (HUD, 1995) are the larger
volume (total 20 mL) and the higher concentration of nitric acid (50% HNO  for the first3

addition and concentrated HNO  for the second one), the extended time (up to 3 hours) for3

heating samples on the hot plate and peroxide additions. These modifications were made to
achieve better digestion of the thicker wipes and higher lead recoveries for various types of QC
samples. To avoid possible cross-contamination of the samples, we did not cut the wipes prior
to the digestion as recommended by the HUD procedure. 

Instrumentation
Wipe dust samples were analyzed by flame atomic-absorption spectroscopy (FAAS)  using a
GBC Avanta Flame Atomic Absorption Spectrometer (made in Australia) with GBC FS 3000
Autosampler. Standard analytical procedure for FAAS (flame type: Air-Acetylene) was used for
wipe samples analysis (GBC, 1996). The 217 nm wavelength was used to provide maximum
sensitivity (0.06 Fg/mL) in the working range of lead concentrations (0.25 to 20.0 Fg/mL).  A
non-linear calibration curve was used for the analysis. The following standard solutions were
used for calibration (ppm): 0.25; 0.5; 1.0; 5.0; 10.0; 20.0.  Standard solutions were prepared
in 10% nitric acid from GFS Chemicals Lead Standard Solution (1000 ppm lead).  The
calculated limit of detection was approximately 0.09 Fg Pb/mL which is equivalent to
approximately  4.5 Fg/ft  for floors and approximately 15 Fg/ft  for window sills.2 2

Quality Control
To assure that the sampling and analytical protocols employed in the study yielded data of
sufficient quality, a number of different types of QC samples were included in the study design.
These samples were designed to control and assess data quality in each phase of the data
collection, sample preparation and analysis process, which were potentially subject to random
and/or systematic error. Blank samples, including field blanks, reagent blanks and method
blanks, were included to assess procedural contamination by lead. Recovery samples, including
standard reference materials and spiked samples were used to indicate the accuracy of sample
preparation procedures. Duplicate spike samples were used to indicate precision of sample
preparation procedure and analyses.  Seven QC samples were prepared according to the LAP with
each batch of samples for routine analysis (Table 5). QC samples were prepared using the thicker
wipes as appropriate.
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Table 5:  Types of Quality Control Samples Included in Each Sample Preparation Batch 

QC Sample Type  Procedure

Standard Reference Materials
(SRM):

NIST SRM 2589: Powdered Paint
(Nominal 10% Lead)

NIST SRM 2582: Lead Based Paint
(Nominal 0.05% Lead)

CRMO 14-050 Baghouse Dust
(1914.0 ppm Lead)

Bigger and Thicker Baby Wash A Bye ® wipe plus
0.1 g of NIST SRM 2589 plus all reagents

Bigger and Thicker Baby Wash A Bye ® wipe plus
0.25 g of NIST SRM 2582 plus all reagents.

Bigger and Thicker Baby Wash A Bye ® wipe plus
0.25 g of CRMO 14-050 plus all reagents

Spike Bigger and Thicker Baby Wash A Bye ®  wipe plus
0.5 mL of Perkin Elmer Pure Atomic Spectroscopy
Standard (Lead, 1000 ppm) plus all reagents.

Spike Duplicate Same as for the Spike

Method Blank Bigger and Thicker Baby Wash A Bye ® wipe plus
all reagents

Reagent Blank Reagents only

Calibration verification samples were used to indicate the accuracy of the analysis.  For quality
assurance purposes, a check sample of 10 ppm lead was prepared in 10% nitric acid from Perkin
Elmer Pure Atomic Spectroscopy Standard (1000 ppm lead) and was run after calibration,
following each ten samples in the run and at the end of the run, with the blank sample as the last
measurement. If the check sample reading was obtained outside ±0.5 ppm of the target value,
the analysis was stopped automatically, a new calibration curve was established and the samples
were reanalyzed. SRM 2582 (Lead-Based Paint, nominal 0.05% Lead) was used as a low-lead
QC sample and SRM 2589 (Lead-Based Paint, nominal 10% Lead) was used as a high-lead QC
sample.  Target values of spike samples reflected the middle of the calibration curve and were
used to measure accuracy and precision. QC sample results were assessed based on pre-
determined warning limits (±20% of  target value) and control limits (±30% of target value).

In addition to these internal quality control efforts, the KKRI Trace Metals Laboratory has
participated in the Environmental Lead Proficiency Analytical Testing (ELPAT) program
(administered through the National Lead Laboratory Accreditation Program) for environmental
samples since September 1993. Blind samples are analyzed quarterly; the KKRI Trace Metals
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Laboratory has been rated as "proficient" for the evaluation of lead in paint chips, soil, and dust
wipes since joining the program.

Statistical Analysis of QC Data
Among the laboratory QC samples included in this study and the previous EPA-funded study
(Farfel, 1997a) and prepared in 190 analytical batches, the control limit (±30 percent) was
rarely exceeded for any QC parameter.  Percent recovery of the three types of SRM, spikes and
spike duplicates are reported in Table 6. Precision was high, with no difference on average
between spike and spike duplicates. Based on 558 field blanks and 168 method blanks from this
study and from the preceding EPA-study, lead contamination was found to be, on average, below
the instrument detection limit. No evidence of systematic contamination was observed. Four field
blank samples were outliers with readings that ranged from 500 Fg/sample to 181,300 Fg
/sample. These four outliers were likely to have been field samples mislabeled during sample
preparation. 

Table 6:  Descriptive Statistics for Percent Recovery on Laboratory QC Samples
a

QC Sample No.  Mean Median 10th 90th s.d.
 Type Samples % % PT PT

recovery recovery

Spike 173 86 85 79 93 6.1

Spike Duplicate 175 86 85 79 93 6.1

Baghouse Dust
b

CRMO 14-050 128 96 96 88 104 6.2

Powdered Paint
SRM2582

172 88 86 80 98  8.4

Powdered Paint
SRM2589

163 94 94 85 101 6.1

a This table excludes QC samples from 10 batches prepared without wipes and 4 batches prepared with
other protocol deviations (over dilutions (3 batches) and use of centrifugation in lieu of filtration (1
batch)).

b The smaller number of Baghouse Dust samples is due to the later addition of Baghouse Dust to the
QC program in order to have a dust matrix SRM.   
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4.0  DATA PROCESSING AND STATISTICAL ANALYSIS PROCEDURES

Data Processing

Data were derived from field forms and the laboratory instrument.  Field data consisted of all
data recorded on the dust collection forms.  Laboratory data were electronically stored by the
flame AAS instrument. Raw data files were transferred to the data manager for management,
storage, and later analysis.  Electronically stored laboratory data were imported to Paradox  and®

then converted to ASCII files for uploading and analysis.  A SAS program (version 6.12) read® 

in the laboratory and field data and created SAS  data sets for data analysis. ® 

Data Summary

Dust lead loading data from five surface types (floor, window sill, window  well,  interior
entryway and wall) and three data collection campaigns (pre-intervention, post-intervention, and
24 months) were included in this report.  A total of 1,382 dust wipe samples were included in
the data analysis: 333 samples collected at pre-intervention, 424 samples collected at post-
intervention, and 625 samples collected at the 24 month campaign.

The wipe dust findings are directly comparable to HUD’s surface-specific post-abatement
clearance levels for lead in house dust in effect at the time of this report (i.e.,100 µg/ft  for2

floors, 500 µg/ft  for window sills and  800 µg/ft  for window wells) and EPA’s proposed 2 2

residential dust lead standards (i.e.,average of 50 µg/ft  for uncarpeted floors and an average of2

250 µg/ft  for window sills).  2

Statistical Analysis 

For data analysis purposes, lead values less than the instrument detection limit (IDL) were coded
as the IDL/%2 (Hornung, 1990).  

The outcome variable was dust lead loading (Fg/ft ). The main study variables were intervention2

group, data collection campaign and surface type. As expected, use of the log transformation
reduced the amount of skewness in the lead loading data. A characteristic of the data set is the
repeated measures from a house over time and multiple measures per house, which violate the
assumption of independence invoked for most analyses.  To address this issue, a mixed-effects
model (SAS PROC MIXED (version 6.09E)) was used for longitudinal data analysis (SAS, 1990)
to account for the correlation of samples within a house. 

Logistic regression analysis and Fisher’s Exact Test were used to determine whether the
percentages of samples below HUD’s clearance standards or below EPA’s proposed standards
at post-intervention and at 24-months were significantly different than the percentages of samples
below these benchmarks at baseline.
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The following models were fit to the log-transformed lead loading (PbD) data. They were run
first using all four study groups and a variable for surface type.  The models were rerun
separately for each main surface type (floor, window sill and window well) using all four study
groups.

Ln(PbD)  = $  + $ *season  + $ *group  + $ *surfacetypeijkl 0 1 ij 2 ik 3 im

+ $ *campaign  + $  group (campaign )4 l 5 ik l

+ b *house  + , (Eq.1)i i ijkl

Ln(PbD)  = $  + $ *season  + $ *group  + $ *surfacetypeijkl 0 1 ij 2 ik 3 im

+ $ *campaign  + $ campaign (group )4 l 5 l ik

+ b *house  + , (Eq.2)i i ijkl

where,

  “I” refers to house, “j” to season, “k” to study group, “l” to campaign, “m” to surface type
and “group(campaign)” to campaign nested within group, “campaign(group)” to group nested
within campaign. Following standard practice, regression coefficients corresponding to fixed
effects are denoted by Greek letters, while regression coefficients corresponding to random
effects are denoted by Roman letters (e.g., b).
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5.0  RESULTS

Findings in relation to HUD clearance levels and EPA’s proposed residential dust lead standards

Table 7 displays the percentages of individual dust samples that fell below HUD’s clearance
levels by group, surface type and campaign. Houses in the Clean A group had the highest
percentage of samples across all surface types that were below HUD clearance levels at pre-
intervention baseline. Except for the window wells, most samples in the Clean A group had lead
loadings below clearance at baseline (i.e., 72% for the floors, 81% window sills and 45% for
window wells).  On the other hand, most samples in the other three groups of houses were above
HUD’s clearance levels at baseline, except for floors and window sills in the Minor Repair
group.  Across all groups, window wells had the lowest percentage of samples below HUD’s
clearance standards at baseline. 

All four groups of study houses had increased percentages of samples below HUD’s clearance
standards immediately after intervention except for floors in the Minor Repair houses.  In some
cases, the change in percentage was statistically significant (Table 7), i.e., Clean A window
wells (from 45% to 80%); Clean B floors (from 34% to 71%) and window sills (from 33% to
67%); and Major Repair floors (from 41% to 70%), window sills (38% to 96%) and window
wells (from 18% to 80%).  At 24 months, houses in the Clean A and Major Repair groups had
the highest percentages of samples below clearance. The percentages of samples below clearance
in the Minor Repair group at 24 months were similar to the corresponding percentages at
baseline. The percentages of samples below clearance in the Clean B group at 24 months were
somewhat higher than at baseline.  

The pattern of findings in relation to EPA’s proposed residential dust lead standards for floors
and window sills was similar to those described above, except that smaller percentages of
samples were below EPA’s lower standards (Table 8).

Descriptive statistics on dust lead loadings

Table 9 displays median dust lead loadings over time by group and by surface type.  Plots of
surface-specific median lead loadings over time by group are displayed in Figures 1-3.  Note that
lines are used to connect the points in these plots for ease of display; these lines should not be
taken to indicate that trends in dust lead loadings during the intervals between campaigns are
known. 
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Table 7:  Percentages of Samples Below HUD Clearance Standards by Campaign
a,b

Group Surface Pre- Post- 24- Months
Type Interventio Interventio After

n n (% Below)
(% Below) (% Below)

Professional Clean A Floor 72 74 82
Interior Entry 67 71 75
Window Sill 81 90 76
Window Well 45     80**    67BL

Professional Clean B Floor 34   71**   57
Interior Entry 40 67 60
Window Sill 33  67* 52
Window Well 17   45 38BL

BL

Minor Repair Floor 59 57 70
Interior Entry 38 56 40
Window Sill 53 63 45
Window Well 20   48 20BL

Major Repair Floor 41  70*    80**
c

Interior Entry 40 67 71
Window Sill 38   96   90**
Window Well 18   80**   73**

**

a HUD’s clearance standards in effect at the time of this report were 100 µg/ft  for floors, 500 µg/ft2 2

for window sills and  800 µg/ft  for window wells (troughs). 2

b Based on logistic regression analysis for floors, window sills and window wells and on Fisher’s Exact
test for interior entryways:  *=p-value<.05; **=p-value<.01;  BL=borderline p-value (.05 to .07)

c All of the samples in this group were below Maryland’s clearance standards at post-abatement (i.e.,
below 200 µg/ft  for floors, 500 µg/ft  for window sills and  800 µg/ft  for window wells). The post-2  2 2

intervention values reflect the first set of post-intervention samples and not subsequent post-
intervention samples collected after recleaning was done as needed to meet Maryland clearance
standards (Annotated Code of Maryland, 1988) as required by the Maryland Department of the
Environment.
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Table 8:  Percentages of Samples Below EPA’s Proposed Dust Lead Standards by Campaign 
a,b

Group Surface Pre- Post- 24- Months
Type Interventio Interventio Post

n n (% Below)
(% Below) (% Below)

Professional Clean A Floor 53 65  71*
Interior Entry 44 57 60
Window Sill 67 84 67
Window Well n/a n/a n/a

Professional Clean B Floor 21   61**  43*
Interior Entry 10   56 40
Window Sill 28 56 43
Window Well n/a n/a n/a

BL

Minor Repair Floor  41 40 50
Interior Entry  0 11 30
Window Sill 41 63 35
Window Well n/a n/a n/a

Major Repair Floor 29  64*  66*
c

Interior Entry 40 56 48
Window Sill 13   96*  63*
Window Well n/a n/a n/a

a EPA’s dust lead standards are 50 µg/ft  for uncarpeted floors, 250 µg/ft  for window sills. No2  2

standard was proposed for window wells (troughs). 

b Based on logistic regression analysis for floors, window sills and window wells and on Fisher’s Exact
test for interior entryways:  *=p-value<.05; **=p-value<.01; BL=borderline p-value (.05 to .07)

c The post-intervention values reflect the first set of post-intervention samples and not subsequent post-
intervention samples collected after recleaning was done as needed to meet Maryland clearance
standards as required by the Maryland Department of the Environment.
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Table 9:  Median Dust Lead Loadings (Fg/ft ) by Surface Type and by Group 2

Surface Group Pre- Post- 24
Type Intervention, Intervention Months Post

 FFg/ft FFg/ft FFg/ft2

(no.Houses) (no.Houses) (no.Houses)

2 2

Floor Professional Clean A 122 (20) 25 (23) 38 (24)
Professional Clean B 292 (12) 38 (12) 50 (12)
Minor Repair 248   (9)  116  (9)  88  (9)
Major Repair 415   (8)  67 (17) 49 (17)

Window Professional Clean A 122 (20) 39 (23) 155 (24)
Sill Professional Clean B 1,352 (12) 189 (12) 654 (12)

Minor Repair  747   (9) 135   (9) 1,616   (9)
Major Repair 462   (8) 15 (17)  206 (17)

Window Professional Clean A 2,683 (20) 64 (23) 373 (24)
Well Professional Clean B 81,973 (12) 2,617 (12) 21,718 (12)

Minor Repair  27,308   (9) 3,728   (9) 57,642   (9)
Major Repair 57,996   (8) 65   (17) 257 (17)



Fig. 1: Median Floor Lead Loading by Group
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Fig. 2: Median Sill Lead Loading by Group

Clean A Clean B

Minor Repair Major Repair

Campaign

Pre Post 24 Mos

0

500

1000

1500

2000

Fig. 3: Median Well Lead Loading by Group
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Tables 10-13 provide descriptive statistics (no. of samples, geometric mean, minimum,
maximum) on dust lead loadings over time by group and by surface type. These descriptive
statistics do not take into account season or any other potential covariates.

Trends in Median Dust Lead Loadings

Trends in median lead loadings are as follows:
C At baseline, median load loadings were lowest in Clean A houses for floors (122 µg/ft ),2

window sills (122 µg/ft ) and window wells (2,683 µg/ft ).  The other three groups had2 2

median levels from 248 µg/ft  to 415 µg/ft for floors; from 462 µg/ft  to 1,352 µg/ft  for2 2 2 2

window sills and from 27,308 µg/ft  to 81,973 µg/ft for window wells.2 2 

C At baseline and after intervention, lead loadings tended to be highest for window wells,
intermediate for window sills and lowest for floors.

C Median dust lead loadings across surface types show a pattern of maximally reduced
levels at post-intervention. This pattern is most pronounced for groups that had the
highest pre-intervention floor and window sill lead loadings.

C At 24 months, median lead loadings had increased over post-intervention levels (except
for floors in the Major Repair and Minor Repair groups); however, the 24-month median
levels tended to remain below baseline levels in all groups except for Minor Repair.  

Descriptive Statistics by Campaign

Surface-specific geometric mean lead loadings at 24-months were consistently lowest for
Major Repair and Clean A groups and intermediate or highest for Clean B and Minor Repairs
(Table 14).
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Table 10:  Dust Lead Loadings Over Time By Surface Type -- Professional Clean A

S u r f a c e Campaign No. Geometric Minimum Maximum s.d. on log
Type Samples Mean scale  

(µg/ft ) (µg/ft ) (µg/ft )2 2 2

Floor  58 32  <IDL  2,364 8.13Initial
Post-Intervention
24-Months

 74 30 <IDL  2,486  6.38
 66     28   <IDL  2,471  4.03

I n t e r i o r  9 57 <IDL    890 5.24
Entryway 14 37 <IDL    9,172 16.8

Initial
Post-Intervention
24-Months

20 32 <IDL  219 3.77

W i n d o w   21  92 <IDL  8,734 13.50
Sill 31 44 <IDL 20,675  9.65

Initial
Post-Intervention
24-Months

42 104 <IDL 16,865 7.99

W i n d o w   29 1,680 <IDL 382,098 25.2
Well  40 66* <IDL 22,613 16.5

Initial
Post-Intervention
24-Months

43 755 <IDL 692,287 15.8
 

Wall 24-Months 43 3 <IDL 52 3.37
* This value was statistically significantly different from the initial value (see Results 
Section, page 28).

IDL = Instrumental Detection Limit
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Table 11:  Dust Lead Loadings Over Time By Surface Type -- Professional Clean B

S u r f a c e Campaign No. Geometric Minimum Maximum s.d. on log
Type Samples Mean scale   

(µg/ft ) (µg/ft ) (µg/ft )2 2 2

Floor  38 204  <IDL  22,997 7.08Initial
Post-Intervention
24  Months

 38 58 <IDL  6,774  6.64
 37     88    <IDL  5,818  6.66

I n t e r i o r 10 128 <IDL 1,610 3.91
Entryway  9 50 <IDL 2,149 7.78

Initial
Post-Intervention
24 Months

 10 101  <IDL  2,363 4.54

W i n d o w 18  790     11  16,248  7.23
Sill 18 223     17  3,012  4.26

Initial
Post-Intervention
24 Months

23 431 <IDL 62,600 12.4

W i n d o w  23 21,000 <IDL 1,791,181 21.8
Well  20  964*  <IDL 310,770 18.0

Initial
Post-Intervention
24 Months
 24 7,147     49 1,671,194 26.6

 

Wall 24 Months 18 12 <IDL 30,530 11.0

* This value was statistically significantly different from the initial value (see Results 
Section, page 28).

IDL = Instrumental Detection Limit
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Table 12:  Dust Lead Loadings Over Time By Surface Type -- Minor Repair

S u r f a c e Campaign No. Geometric Minimum Maximum s.d. on log
Type Samples Mean scale  

(µg/ft ) (µg/ft ) (µg/ft )2 2 2

Floor  41 112 <IDL 223,089 13.5Initial
Post-Intervention
24 Months

 35 84 <IDL  7,997  6.19
 30     58 <IDL  1,699  5.81

I n t e r i o r  8 131     57   440 1.94
Entryway  9 163  27 2,296 4.05

Initial
Post-Intervention
24 Months

 10 119    11  657 3.38

W i n d o w 17  513 <IDL  56,203  9.92
Sill 16  75 <IDL  13,519 26.5

Initial
Post-Intervention
24 Months

20 687 11 25,897 7.87

W i n d o w 20  9,161 23   331,071 17.0
Well  21  782* <IDL 377,267 24.2

Initial
Post-Intervention
24 Months
  20 13,777  31  381,935 17.1

 

Walls 24 Months 18 13 <IDL 886 5.05

* This value was statistically significantly different from the initial value (see Results 
Section, page 28).

IDL = Instrumental Detection Limit
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Table 13:  Dust Lead Loadings Over Time By Surface Type -- Major Repair

S u r f a c e Campaign No. Geometric Minimum Maximum
Type Samples Mean 

(µg/ft ) (µg/ft ) (µg/ft )2 2 2

s.d. on log
scale

Floor  17 154    <IDL  5,871  6.75Initial
Post-Intervention
24 Months

47 30 <IDL  986  5.92a

 64     30    <IDL  1,048  4.69

BL

BL

I n t e r i o r   5 116 <IDL 1,812 16.6
Entryway  9  47 <IDL  536 4.34

Initial
Post-Intervention
24 Months

a

 21  61  <IDL  528 4.47

W i n d o w  8 1,186      23 61,628 13.4
Sill 23  18* <IDL  7,291 5.27

Initial
Post-Intervention
24 Months

a

 40  119* <IDL 27,934 5.17

W i n d o w  11  29,356  292   739,917 13.6
Well  20  99*  <IDL  9,326  7.66

Initial
Post-Intervention
24 Months

a

 41  351*  <IDL    106,816  6.86
 

Walls 24 Months 35 3 <IDL 120 4.86

Some of the major repairs were performed as the second intervention in the house, and new baseline dust
a  

lead levels were not obtained in most cases.  Consequently, the  number of post-intervention observations is
larger than the number of pre-intervention observations.

* This value was statistically significantly different from the initial value (see Results 
Section, page 28).

  This value had borderline statistical significance when compared to the initial value (seeBL

Results Section, page 28).    
    
IDL = Instrumental Detection Limit
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Table 14: Geometric Mean Lead Loadings by Surface Type and by Group at 24-months 

Surface Type Group Geometric Mean
(FFg/ft ) 2

Floor Professional Clean A 28
Professional Clean B 88
Minor Repair 58
Major Repair 30

Window Sill Professional Clean A 104
Professional Clean B 431
Minor Repair  687
Major Repair 119

Window Well Professional Clean A 755
Professional Clean B 7,147   
Minor Repair  13,777      
Major Repair 351
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Dust Lead Loadings on Walls

Table 15 displays descriptive statistics on lead loadings from walls in kitchens and children’s
bedrooms, excluding one outlier as noted.  The mean wall lead loading in the kitchen (33 µg/ft )2

was higher than the mean wall lead loading in the child’s bedroom (13 µg/ft ), but the difference2

was not statistically significant. The distributions of the kitchen and bedroom wall lead loadings
were nearly identical in terms of the minimum value and various percentiles through the 95th
percentile (Table 15). The higher mean value for the kitchen walls is due to the higher extreme
values in the kitchen (maximum=886 Fg/ft ; second highest value=590 Fg/ft ) compared to the2 2

bedroom (maximum=219 Fg/ft ). 2

Table 16 displays mean wall dust lead loadings (for both wall types combined) at the 24-month
campaign by group.  Mean wall lead loadings were lowest in the Major Repair and Clean A
houses, intermediate in Clean B houses, and highest in Minor Repair houses; however, the
relationship between wall lead loadings and intervention type did not reach statistical
significance.

In children’s bedrooms, statistically significant correlations were found between wall lead
loadings and lead loadings on the floors and the window sills (Table 17).  Insufficient data were
available to assess the correlations between lead loadings from walls and other surfaces in the
kitchens.

Longitudinal Data Analysis

Study group, campaign and the interaction between study group and campaign (i.e., nesting of
study group within campaign and nesting of campaign within study group) were found to be
statistically significant in the longitudinal data analysis model, after controlling for season and
with house as a random effect. The significant interaction between study group and campaign
indicates that the relationship between group and campaign is not the same across the four study
groups. Season did not have a significant fixed effect (p-value #.05) in the model. 

Interpretation of the estimates obtained by the mixed model obey the usual rules of interpretation
of regression coefficients, i.e., the coefficient of a covariate is the expected change in the
response variable associated with a unit change in the covariate in the presence of the other
covariates.  When the covariate is a dummy variable, a unit change in the covariate corresponds
to the expected difference between the response at the level of the covariate compared to the
omitted level.
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Table 15:  Wall Dust Lead Loadings (µg/ft ) at the 24-Month Campaign by Room Type*2

Room Mean Min. 10th 25th 50th 75th 90th 95th Max. s.d. 
Type PT PT PT PT PT PT

No.
Samples

 **

Kitchen 57 33 <IDL <IDL <IDL <IDL 11 23 52 886 139

Child’s 59 13 <IDL <IDL <IDL <IDL 11 23 71 219 33
Bedroom .
*Excludes outlier of 30,530 µg/ft  in a Clean B house.2

** The t-test p-value =0.31.

Table 16: Arithmetic Mean Wall Dust Lead Loadings at 24-Months by Group*

Group No. Mean s.d. 
Samples (µg/ft )2

Clean A 54 14 35

Clean B 17 43 142

Minor Repair 17 76 215

Major Repair 30 11 25

*Excludes outlier of 30,530 µg/ft  in a Clean B house.2

Note: This table includes two samples collected in rooms that were not the child’s bedroom or kitchen.

Table 17:  Correlations Between Dust Loadings in Child’s Bedroom at 24-Months
Pearson Correlation Coefficient (r) / Number of Observations (n)

Surface Type Floor Window Sill Window Wall
Well

Floor r -0.06  0.15 0.28*

n 55  45     59 
-

Window Sill r 0.36**  -0.000

n  44    50
- -

Window Well r 0.41**

n
- - -

39
*   p-value< .05   ** p-value< .01

The main findings of the longitudinal model, when controlling for season and including random
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effects for houses, are listed below.

Comparison of Groups at Specific Campaigns (Cross-Sectional Comparisons)

C Pre-intervention dust lead loadings on floors, window sills and window wells were lowest
in Clean A houses. Differences at baseline between Clean A houses and houses in each
of the other three groups were either statistically significant (alpha=.05) or borderline
statistically significant. Pre-intervention lead loadings across the other three groups were
not statistically different from each other for floors, windows sills and window wells.

C At post-intervention and 24 months, window well dust lead loadings were statistically
significantly lower in Clean A and Major Repair houses than in Clean B and Minor
Repair houses.  For window sill lead loadings, differences between houses in the Clean
A and Major Repair groups and the other two groups were either statistically significant
or of  borderline significance.  For floors, the differences between houses in the Clean
A and Major Repair groups and the other two groups tended to be non-significant or of
borderline significance, except for the difference between Clean A and Clean B at 24
months. At post-intervention and 24-months, the surface-specific differences between
Clean A and Major Repair houses and the surface-specific differences between Clean B
and Minor Repair houses were not statistically significant.

Changes Over Time Within Groups

C Clean A, Clean B, Minor Repair and Major Repair houses tended to have reduced floor
dust lead loadings at post-intervention and at 24 months compared to baseline, but the
changes were not statistically significant.  In the case of floors in Major Repair houses,
the changes at post-intervention and 24 months reached borderline statistical significance.

C For window sills, all four groups of houses had reduced dust lead loadings at post-
intervention  and 24 months, except for Minor Repair houses at 24 months.  The changes
were statistically significant only in Major Repair houses. 

C For window wells, all four groups of houses had reduced dust lead loadings at post-
intervention and at 24 months, except for Minor Repair at 24 months. The changes at
post-intervention were statistically significant for window wells in all four groups of
houses.  Window well dust lead loadings at 24 months were statistically significantly
lower than pre-intervention levels in Major Repair houses only.
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6.0  DISCUSSION 

Houses of children in the Baltimore TLC Trial Clinical Center were located in census
tracts with median year of construction either 1939-1946 or 1946-1958 (Figure 4) and therefore
were likely to contain lead based paint. At the outset, Clean A houses (recommended for
professional cleaning only) were in the best condition and were most likely to have had
replacement windows, smooth floors and intact paint. The other houses of children in the
Baltimore Clinical Center of the TLC Trial were deemed by the housing assessors to need major
or moderate repairs in addition to professional cleaning. 

Housing conditions were assessed visually on a room-by-room basis and overall. The dust lead
findings validated the housing assessors’ recommendations in that pre-intervention lead loadings
were significantly higher for all surface types in houses where major repairs were recommended
than in Clean A houses. In fact, pre-intervention dust lead loadings for floors and window sills
in Clean A houses were, on average, below EPA’s proposed dust lead standards, whereas average
baseline lead loadings in the other three groups were above EPA’s proposed standards (Tables
10-13). The finding of a relationship between housing condition and dust lead loadings is
consistent with past studies (Bornschein et. al, 1986. Chisolm, 1986; Farfel 1991).

The major repair interventions were implemented after owners successfully applied for forgivable
special state loans for reducing residential lead-based paint hazards. Otherwise, houses for which
major repairs were recommended but not done received professional cleaning or minor repairs
plus professional cleaning. In most of the latter cases, recommended repairs could not be done
because the property owners chose not to apply for the state loans. These circumstances provided
an opportunity to assess the effectiveness of three types of interventions in structurally-sound
houses recommended for major repair and located in low-income urban neighborhoods at high
risk of lead poisoning, as well as the effectiveness of professional cleaning in houses in better
condition where repairs were not recommended.

Effectiveness of Interventions 

In houses where major repairs were recommended, major repair in combination with professional
cleaning was found to be more effective at post-intervention and at 24 months than either
professional cleaning or minor repair plus professional cleaning  (Tables 10-14).  This was also
the case at 6 to 12 months post-intervention based on the earlier EPA-funded study (see
Appendix C adapted from Farfel, 1997a).  Differences in post-intervention and 24-month dust
lead loadings between Major Repair houses and houses in the Clean B and Minor Repair groups
were most pronounced for window wells and window sills, indicating the benefits of window
replacement in such houses (Figs. 1-3). 

Major Repair houses had the least amount of reaccumulation of lead in dust and comprised the
only study group in which dust lead loadings at 24-months were statistically significantly lower
than pre-intervention levels.  Moreover, the findings indicate that EPA’s proposed standards for
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average lead loadings in floor and window sill dust can be attained in the short and longer-term
(24 months) when major repairs followed by professional cleaning are performed in older houses
in high risk urban neighborhoods, and when Clean A type houses are professionally cleaned
(Tables 10 and 13). Professional cleaning interventions in Clean A houses had a persistent effect
on the floors and window wells. In contrast, professional cleaning in Clean B houses did not
have a lasting cleaning effect on window wells. Only houses in the Major Repair and Clean A
groups had geometric mean dust lead loadings, as well as most individual sample readings, below
EPA’s proposed surface-specific dust lead standards immediately after intervention and at 24
months. The latter is likely due to the similarity of the conditions of Clean A houses and Major
Repair houses following intervention.

It should be noted that a relatively small number of dust samples in the Major Repair houses,
most commonly floor samples, had clearance testing failures that were corrected after recleaning.
Some initial clearance failures, that also tended to occur most often for floors, were found in
houses treated under HUD’s lead-based paint hazard control grant program (National Center for
Lead-Safe Housing, 1998). 

The study also indicates the limited short-term effectiveness of professional cleaning and minor
repair interventions in houses initially assessed in need of major repairs. Minor repair and
professional cleaning interventions (performed by trained contractors with quality control
oversight by the housing assessors) in houses in need of major repairs were least likely to attain
HUD’s clearance standards or EPA’s proposed residential dust lead standards (Tables 7 and 8).
Additionally, these interventions were found to have limited or no long-term effectiveness,
particularly with regard to the control of dust lead loadings on window surfaces.  Reaccumulation
of lead in dust at 24 months was greatest in Minor Repair houses and intermediate in Clean B
houses, particularly on window sills and window wells (Figs. 1-3). It is important to note that
median dust lead loadings at 24 months for the window sills and window wells in Minor Repair
houses were higher than the corresponding pre-intervention baseline levels (Table 9). Median
window sill and window well dust lead loadings in Clean B houses at 24 months were higher than
immediate post-intervention levels, but remained below pre-intervention levels (Table 9).  In
future work, we plan to analyze TLC data on housing type and condition to better understand
changes in lead loadings associated with the various interventions implemented in the Baltimore
Clinical Center. 

Dust lead loadings across all four groups of study houses at 24 months were most similar for
floors compared to window sills and window wells (Figs. 1-3). A similar pattern of surface-
specific findings was also found in the Lead Paint Abatement and Repair and Maintenance Study
in Baltimore (Farfel, 1997b) over time following various levels of interim control interventions
implemented in houses in older low-income urban neighborhoods (Farfel, 1997b). This pattern
of findings might be related in part to the presence of study houses in neighborhoods where most
of the housing is likely to contain interior and exterior lead-based paint hazards (Fig. 4).  Such
neighborhoods are likely to have similar ambient lead levels and similar rates of track-in of
ambient lead.  The finding of higher dust lead loadings at interior entryways compared to interior
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floors (Tables 10-13) is also likely related to the track in of ambient lead. 

Dust Lead Loadings on Walls

Little information is available on the distribution of dust lead loadings on walls in various types
of houses or the relationship between children’s blood lead concentrations and wall lead
loadings.  Across the four groups of study houses under investigation, dust lead loadings were
found to be low (90th PT=23 Fg/ft ) for walls in kitchens and children’s bedrooms at 24 month2 

post-intervention (Table 15). The small number of relatively high values (maximum=886 Fg/ft )2

on kitchen walls may reflect dust adhering to greasy wall surfaces, and the outlier (30,530 Fg/ft )2

might be due to a paint chip in the sample.  This study, however, was not designed to determine
the source of the lead in wall dust.  

Wall lead loadings tended to be lowest in the Major Repair and Clean A groups, but the
relationship between wall lead loadings and intervention type did not reach statistical
significance. This may be due in part to the relatively small number of houses in the Minor
Repair and Clean B groups. Lower wall lead loadings in Major Repair and Clean A houses might
be related to the better conditions of these houses and the fact that walls in the Major Repair
houses had been repainted at the time of the intervention.  The moderate correlation found
between lead loadings on the walls and floors in the children’s bedrooms suggests that testing
and/or cleaning walls might be considered as part of the risk assessment process if floor dust lead
loadings are found to be high.  However, this issue requires further study. 

Generalizability

The study findings apply to the Baltimore Clinical Center of the TLC Trial and not necessarily
to the other centers in this multi-center Trial. The intervention costs reported in Table 2 may not
be generalizable to other parts of the country due to differences in labor and material costs.  It
should also be recognized that study houses were either the homes of children with blood lead
levels from 20 to 44 Fg/dL at the time of enrollment or were houses into which such children
were relocated (i.e., Clean A houses). The dust lead loadings in the various groups of study
homes cannot be compared to those in Baltimore City homes in general due to a lack of
systematic data on residential dust lead levels in the city. The longitudinal data analysis
performed in this study accounted for season and the clustering of the data.  Unfortunately, data
were not available on other potential mediating variables such as the cleaning practices of
residents.  
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Figure 4
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APPENDIX A 

TLC CLEANING PROTOCOL
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APPENDIX C 

Geometric Means Dust Lead Loadings (FFg/ft ) by Surface Type and by Group2

Based on the Earlier EPA-funded Study (Farfel, 1997a)   a

Surface Group Pre- Post- 6-12
Type Interventio Intervention Months

n FFg/ft FFg/ft
FFg/ft  (no. Houses) (no.2

(no. Houses)
Houses) 

2 2

Floor Professional Clean A  26 (97) 16 (91) 21 (58)
Professional Clean B 92 (62) 31 (62) 43 (19)
Minor Repair 129 (47)  76 (47) 75   (6)b

Major Repair 117 (13)  24 (37) 24 (14)
c

Window Professional Clean A 107 (97) 35 (91) 54 (58)
Sill Professional Clean B 535 (62) 164 (62) 197 (19)

Minor Repair 1,706 (47) 126 (47) 585   (6)
Major Repair 444 (13) 18 (37)  75 (14)

Window Professional Clean A 962 (97) 91 (91) 320 (58)
Well Professional Clean B 13,759 (62) 452 (62) 2,111 (19)

Minor Repair 29,648 (47) 1,258 (47) 16,199   (6)
Major Repair 4,153 (13) 44 (37) 296 (14)

a These data are not limited to study houses sampled at 24 months.

b This type of intervention was introduced later in the project and consequently a small number of
houses were available for 6 to 12 month sampling during the study period.

c The number of houses at post-intervention is larger because some major repair interventions were
performed as the second intervention, and pre-intervention wipes were generally not collected for
the second intervention.
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Median Dust Lead Loadings (FFg/ft ) by Surface Type and by Group2

Based on the Earlier EPA-funded Study (Farfel, 1997a)  a

Surface Group Pre- Post- 6-12
Type Interventio Intervention Months

n FFg/ft FFg/ft
FFg/ft  (no. Houses) (no.2

(no. Houses)
Houses) 

2 2

Floor Professional Clean A  29 (97) 17 (91) 45 (58)
Professional Clean B 165 (62) 39 (62) 60 (19)
Minor Repair 324 (47)  180 (47) 127  (6)b

Major Repair 328 (13)  43 (37) 39 (14)
c

Window Professional Clean A 109 (97) 21 (91) 73 (58)
Sill Professional Clean B 538 (62) 147 (62) 227 (19)

Minor Repair 2,074 (47) 159 (47) 1,152 (6)
Major Repair 490 (13) 19 (37)  77 (14)

Window Professional Clean A 1,165 (97) 57 (91) 216 (58)
Well Professional Clean B 34,879 (62) 1,391 (62) 6,662 (19)

Minor Repair 105,655 (47) 2,668 (47) 26,229  (6)
Major Repair 6,710 (13) 50 (37) 479 (14)

a These data are not limited to study houses sampled at 24 months.

b This type of intervention was introduced later in the project and consequently a small number of
houses were available for 6 to 12 month sampling during the study period.

c The number of houses at post-intervention is larger because some major repair interventions were
performed as the second intervention, and pre-intervention wipes were generally not collected for
the second intervention.


